The effects of hypercapnia and hypocapnia on respiratory resistance were studied in 15 healthy subjects and 30 asthmatic subjects. Respiratory resistance (impedance) was measured with the pseudo-random noise forced oscillation technique while the subjects rebreathed from a wet spirometer in a closed respiratory circuit in which end tidal carbon dioxide tension (Pco2) could be controlled. Hypercapnia was induced by partially short circuiting the carbon dioxide absorber, and hypocapnia by voluntary hyperventilation. The circulating air was saturated with water vapour and kept at body temperature and ambient pressure. A rise of end tidal Pco2 of 1 kPa caused a significant fall in respiratory resistance in both normal and asthmatic subjects (15% and 9% respectively). A fall of Pco2 of 1 kPa did not cause any significant change in impedance in the control group. In the asthmatic patients resistance increased by 13%, reactance fell by 45%, and the frequency dependence of resistance rose 240%. These findings confirm that hypocapnia may contribute to airway obstruction in asthmatic patients, even when water and heat loss are prevented.
Many specific and non-specific bronchoconstrictor challenges are used to measure bronchial reactivity, including allergens, irritants, cholinergic drugs, mediators, exercise, and hyperventilation. For exercise and hyperventilation challenge respiratory heat loss and increased osmolarity of the airway mucosa are probably the most important factors contributing to bronchoconstriction, [1] [2] [3] though hypocapnia may also contribute.' Ventilation is increased in both hypocapnia, when this is induced experimentally by voluntary hyperventilation, and hypercapnia, which stimulates ventilation. The increase in ventilation may obscure the effects of Pco2 on airway resistance, by increasing respiratory heat loss or osmolarity changes.
Acute and chronic airways obstruction in patients with asthma or chronic obstructive lung diseases is often accompanied by hyperventilation."'0 It is still uncertain whether patients with bronchial hyperresponsiveness to histamine are also hyperresponsive to hypocapnia and hypercapnia.
The aim of the present study was to investigate the effect of change in end tidal Pco2 on airway calibre without the confounding effects of heat and water loss from the airway mucosa. 1) . The air in the respiratory circuit was kept in the BTPS condition. The temperature was maintained at 37°C by a heating element and water saturation of air at 90% or more. The subjects had their cheeks and submental muscles supported and they wore a nose clip during the impedance measurements.
SUBJECTS
Forty five subjects were studied: 15 healthy subjects and 30 patients with a history of asthma and bronchial hyperresponsiveness to histamine (the provocative concentration of The relative humidity of the circulating air was above 90% within two minutes in the five healthy subjects and five patients when they were breathing in the closed respiratory circuit. In the control group all the resistance values fell during hypercapnia (fig 2a, table 3) . The other impedance results did not change significantly during hypercapnia or hypocapnia ( figs 2a and 2b, table 3 ).
In the patients hypercapnia also caused a significant decrease in resistance measured at 4-20 Hz (fig 2c) . The increase in reactance ( resistance at 4-12 Hz (fig 2c) , a decrease in reactance values at all frequencies and in the average value for all frequencies (fig 2d, table  3) , and an increase in the frequency dependence of resistance (mean (SEM) 240-3% (59-9%); Wilcoxon's p < 0-01). The mean increase in the resonant frequency (28-9% (16-8%)) was not significant. The increase in resistance at 4-12 Hz and the decrease in all reactance values during hypocapnia differed significantly between normal and asthmatic subjects (p < 0-02, Mann-Whitney U test).
Discussion
By using this circuit respiratory impedance can be measured while the subject breathes from a spirometer, as we observed previously. '7 Change in functional residual capacity and minute ventilation can be observed directly. Functional residual capacity is often increased in an attack of asthma. '8 In this study all impedance data were obtained at the same FRC, so no correction was made for lung volume.
The air in the circuit was kept in the BTPS condition to exclude possible effects due to water or heat loss from the airway mucosa. This probably explains why the changes during our hyperventilation studies were smaller than those in previous studies, in which the subjects breathed room air or cold air.920
Hypercapnia caused a decrease in airway resistance in both groups, the changes at [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] Hz being statistically significant in the patients. This is in accordance with the results of previous studies, where measurements Hypocapnia, achieved by hyperventilation or by occlusion of the pulmonary artery, may cause bronchoconstriction by vagal reflex pathways or by a direct effect on bronchial smooth muscle. Hypocapnia caused increased activity of both the slowly adapting stretch receptors and the irritant receptors in anaesthetised dogs, and airway calibre consequently decreased. These effects were reversed by the administration of carbon dioxide, which resulted in reflex bronchodilation.0 3' Several investigators have shown that carbon dioxide tension in the airway rather than in tissue or blood was the stimulus. 3' 32 In dogs a decrease in end tidal Pco2 of nearly 2 kPa after pulmonary arterial occlusion caused an increase in resistance of about 20% and fall in compliance of 18%. Vagotomy diminished the increase in resistance but did not affect the fall in compliance, which suggests a direct smooth muscle effect.3' These results are in keeping with our finding of an increase in resistance of 13% due to a fall in Pco2 of 1 kPa.
We conclude that hypercapnia decreases airway resistance measured by the forced oscillation technique in both healthy and asthmatic individuals. Hypocapnia appeared to increase both central and peripheral airway resistance in the asthmatic patients but not in the healthy subjects. These results suggest that an enhanced response to hypocapnia (and hypercapnia) is a component of bronchial hyperresponsiveness in asthmatic patients. Hypocapnia, which occurs in an early stage of an asthmatic attack as a result of hyperventilation,'°33 is an additional stimulus for bronchoconstriction, independent of drying and cooling of the airways.
